Abstract 17 samples, including 16 coal-seam samples and one parting, were collected from 4 mines in Ningdong Coalfield, west Ordos Basin, China. Maceral, mineralogy and geochemistry of them were studied by using of optical microscope, LTA-XRD (low temperature ashing-X-ray diffraction), XRF (Xray fluorescence), and ICP-MS (Inductively coupled plasma mass spectrometry). The results indicate that Ningdong Jurassic coal is a medium volatile bituminous coal, with medium-ash, medium-sulfur and low-mediumcalorific. The vitrinite of them is much higher, while the inertinite and liptinite are less, than that of other Early-Middle Jurassic in Ordos Basin. The minerals consist of abundant of quartz, kaolinite, illite, albite, and trace of chamosite, calcite, pyrite. Kaolinite, illite, chamosite, quartz, and albite are origin from weathering productions of gneiss, granulite and granite in Helan Moutain. The coals are enriched by Na 2 O, MgO, K 2 O, MnO, Ga, Cr, Rb, Sr, Cd, and Ba in comparison with Chinese average abundances of elements in coals. The major carriers Na 2 O, MgO, K 2 O are clay minerals and albite. The hazardous trace elements, Cd and Cr occur in organic matter and clay mineral, respectively. The rare metals, Ga and Rb are associated with clay mineral. The medium REY are enriched in the coal.
lithology of the floor of the 2 coal vary considerably as well, with a thickness from 2 to 20 m and a lithological composition of sandy sandstone, fine sandstone and mudstone.
SAMPLES AND ANALYTICAL PROCEDURES
A total of 17 samples were collected from 4 mines, Meihuangjing Mine (Samples ID: MHJ1, MHJ2, MHJ3 and MHJ4), Shicaocun Mine (Samples ID: SCC1, SCC2, SCC3, SCC4, SCC5 (Parting) and SCC6), Shuangma Mine (Samples ID: SM1, SM2, SM3 and SM4) and Maiduoshan Mine (MDSF, MDSK and MDS2) in Ningdong Coalfield following Chinese Standard Method GB482-2008; these include 16 coal-seam samples and one parting sample.
Proximate analysis was conducted using ASTM Standards D3173-11, D3175-11, and D3174-11. The total sulfur and forms of sulfur were determined following ASTM Standards D3177-02 and D2492-02, espectively. Samples were prepared for microscopic analysis in reflected light following ASTM Standard D2797-04. Mean
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Figure1. The coalfield distribution in Ordos Basin.
random reflectance of vitrinite (percent R o,ran ) was determined according to ASTM D2798-05, using a Leica DM4500P microscope (at a magnification of 500×) equipped with a Craic QDI 302™ spectrophotometer. Although ASTM D2798-05 requires a photomultiplier tube and a photometer amplifier for vitrinite reflectance determination, the Craic QDI spectrophotometer offers a charge-coupled detector (CCD) and thermoelectric cooling for improved spectral performance. The standard reference for vitrinite reflectance determination was gadolinium gallium garnet (Chinese Standard Reference GB13401) with a calculated standard reflectance 1.72% in oil at 546 nm. The mineralogical composition was determined by optical microscopic observation and powder X-ray diffraction (XRD). Low-temperature ashing of coal was performed on an EMITECH K1050X Plasma Asher. XRD analysis of the low-temperature ashes and the parting samples was performed on a D/max-2500/PC powder diffractometer with Ni-filtered Cu-Kα radiation and a scintillation detector. The XRD pattern was recorded over a 2θ interval of 2.6-70°, with a step size of 0.01°. X-ray diffractograms of 17 samples (parting and coal LTAs) were subjected to quantitative mineralogical analysis using Siroquant™, commercial interpretation software developed by Taylor (1991) based on the principles for diffractogram profiling set out by Rietveld (1969) . Further details indicating the use of this technique for coal-related materials are given by Ward et al. (1999; and Ruan and Ward (2002) .
Samples were crushed and ground to pass 200 mesh for geochemical analysis. Xray fluorescence spectrometry (ARL ADVANT′ XP+) was used to determine the oxides of major elements in the coal ash (815 ˚C), including SiO 2 , Al 2 O 3 , CaO, K 2 O, Na 2 O, Fe 2 O 3 , MnO, MgO, TiO 2 , and P 2 O 5 . Uniquant (Version 5.46), a "standardLess" methodology based on a set of fundamental parameters and unique algorithms, was used for matrix correction and calibration of the XRF data. Although Uniquant allows analysis of unknown materials without the need for matching standards or reference materials, data from reference samples (NIST 2689 (NIST , 2690 (NIST , and 2691 were also used in the Uniquant data processing. Inductively coupled plasma mass spectrometry (X series II ICP-MS) was used to determine trace elements in the samples Li et al., 2014) .
RESULTS AND DISCUSSION

Proximate analyses and vitrinite reflectance
The proximate analyses, calorific value, and random vitrinite reflectance data for the 16 Jurassic coal-seam samples from Ningdong Coalfield are listed in Table 1 . The weighted average vitrinite reflectance and average volatile matter (daf) are 0.59% and 24.43%, respectively, indicating a medium volatile bituminous coal according to the ASTM classification (ASTM D 388-12, 2012) .
The Jurassic coal is a medium-ash, medium-sulfur and low-medium-calorific coal according to Chinese Standards GB 15224.1-2010 (coals with ash yield 20.01%-30% are medium-ash coal), GB/T 15224.2-2010 (coals with total sulfur content 1.01%-2.0% are medium-sulfur coal) and GB/T 15224. 3-2010 (coals with calorific value 16.71%-21.30% are low-medium-calorific coal) (Table 1) . The liptinite macerals contents is rare, and they are represented by sporinite, cutinite resinite, and barkinite ( Table 2 ). The sporinite is mainly microsporinite, distributed in collodetrinite ( Figs. 2A and 2C ). The cutinite generally borders the corpogelinite (Fig. 2E) . Both of them emit yellow-green fluorescence excited by blue light (Figs. 2D and 2F ). There is a trace amount of "barkinite", which has an appearance similar to that described by Sun et al. (2007; .
The inertinite is represented by semifusinite (15.13% on average), inertodetrinite (5.34% on average), fusinite (2.92% on average) and macrinite (2.08% on average), along with trace proportions of micrinite and funginite ( Table 2 ).
The semifusinite sometimes shows a well-preserved cell structure but the cell walls are swelling (Fig. 2H) , suggesting that it was the production of early fussinization. The fusinite is represented by forms indicative of oxidation of wood, showing an easy broken star-shape (Fig. 2I) , and clay minerals sometimes fill its cells. Generally, the inertodetrinite is distributed in collodetrinite and macrinite (Fig. 2J ). Micrinite occurs along the bedding traces in collodetrinite (Figs. 2E and J) . The funginite is represented of a bright white ring distributed in collodetrinite (Fig. 2K ).
Minerals in the jurassic coal
Minerals in the Ningdong Coalfield Jurassic coals are mainly composed of clay minerals (kaolinite, illite, and chamosite), quartz, calcite, albite, and trace of pyrite as determined using LTA-XRD and optical microscope.
Clay minerals
Kaolinite, illite and chamosite have been identified in Ningdong Jurassic coals by using LAT-XRD in this study (Fig. 3) . Kaolinite is the most abundant mineral in the coal, and its average content is 32.8% in the coal LTAs (low temperature ashes). The contents of illite and chamosite are 22.5% and 6.6%, respectively.
The XRD pattern shows that the clay minerals in the coal LTAs and has a wellordered structure, clay minerals occur as thin-layered forms ( Fig. 4A ) of syngenetic origin in collodetrinite, or as cell-fillings in fusinite or funginite (Figs. 2B and 4B) . A similar cell-filling occurrence is common in many other coals and closely associated strata, and may indicate formation by authigenic processes (Ward, 1989) .
In this study, abundant of illite (22.5% on average) was quantified by Siroquant and it much higher than those of the other Jurassic coals in North and Northwest China. During coal accumulation in Ningdong Coalfield, the peat bog was very near to provenance-Helan Mountain (Wang, 1996) , which were mainly consisted of gneiss, granulite and granite and these rocks were made up of feldspar, quartz and mica. Feldspar and mica can be transformed into illite, mica, kaolinite, roseite and so on by weathering (Stoch and Sikora, 1976; Berner and Holdren, 1977; Banfield and Eggleton, 1988; Ma and Liu, 2001) . It can be inferred that kaolinites and illites in Ningdong Jurassic coals are origin from the feldspar and mica in Helan Mountain.
Kaolinite is one of the common silicate minerals in coal, whereas chamosite is very rare (Bouska et al. 2000; Tang and Huang 2004; Dai and Chou, 2007) . Chlorite generally occurs in higher-rank coals, and smectite and mixed-layer illite-smectite may be metamorphosed into chlorite under a higher-temperature environment ( Vassilev et al., 1996) . The average content of chamosite is 6.6% in Nningdong Jurassic coals, and this is much higher than that of the common Chinese coal (Tang and Huang, 2004) . Some researchers found high contents chaomsite in Late Permian coal of Southwest China (Tian, 2005; Dai and Chou, 2007) , and concluded that the chamosite was an authigenic mineral and was deposited in the basin that contained Feand Mg-rich fluids derived from volcanic activities. The gneiss of the source region (Helan Mountain) contents a lot of biotite, which can be transformed into chamosite during weathering (Banfield and Eggleton, 1988) . Thus, it can be deduced that chamosite was origin from Helan Mountain too.
Quartz
Quartz is the most important of the oxide minerals in coal. Generally, it is introduced at the peat stage by water or water (Taylor et al., 1998) . The average contents of quartz is 22.6% in the Ningdong Jurassic coals. The modes of occurrence of quartz is distributed in collodetrinite (Fig. 4C) showing its terrigenous origin (Ward, 2002) .
Pyrite
Pyrite is one of the most commonly occurring sulfides in coals (Taylor et al., 1998) . Although pyrite wasn't present in XRD pattern, it was observed by using of optical microscope. In most cases, high-pyrite coals were deposited in seawater-influenced environments (Chou, et al., 2012) . However, the peat mire was deposited in nonmarine basin, and never influenced by sea water of the Ningdong Jurassic coals (Wang, 1996) . Thus, the content of pyrite in Ningdong Jurassic coals is low because these coal deposited in non-marine basin (Taylor et al., 1998) . In this study, cellfilling, fracture-filling, framboid, and radial are the main modes of pyrite forms in Cell-filling pyrite occurring in fusinite formed in peat accumulation age is syngenetic (Fig. 4A ). During peatification, syngenetic or early-diagenetic finecrystalline or fine-oncretionary pyrite appears, commonly in the form of framboids (Fig. 4H) (Sun et al., 2010b) . Meanwhile, epigenetic pyrite also exists in the form of fracture-filling (Fig. 4D) (Chou, 1997) .Radial pyrites associated with siderites usually occur throughout the split (Fig. 4E) , and they are formed during syngenetic or earlydiagenetic age (Zodrow and Cleal, 1999; Passey, 2014) .
Carbonate minerals
Carbonate minerals identified in the coal include calcite and siderite. The average calcite content in the coal LATs is 2.5%, and it mainly occurs as cell-and fracture fillings (Figs. 4F and 4I), indicating an authigenic origin .
The concentrations siderite of are below the XRD and/or Siroquant detection limit in coals, however, they are observed by using optical microscope. Siderite, closely associated with pyrites, is radial and typically vuggy (Fig. 4E ). Zodrow and Cleal (1999) concluded that radial siderite concretions formed diagenetically early from bicarbonate under reducing conditions in a slightly alkaline freshwater environment that precluded calcite deposition. As mentioned above, the Ningdong Jurassic coals were formed in a non-marine setting, and the peat mire were deposited in a freshwater environment, so siderite could be generated in this geological condition.
Albite
Albite is one of minor/rare minerals in coal (Bouska et al., 2000; Tang and Huang, 2004) . However, it usually presents in the coal LTAs (Ward, 2002) . The average content of albite is 13% in coal LTAs, and this phenomenon is unique. Dai and Chou (2007) found albite occurred in illite-smectite in the mode of dispersed-fine-grained and it was not detrital origin but formed by submarine exhalative in the Late Permian coal from Songzao Coalfield, Chongqing, Southwest China. There was not submarine exhalative in Ningdong Coalfield (Wang, 1996) . In addition, there were a lots gneiss, granulite and granite which were consisted of feldspar, quartz and mica in the source area of Ningdong Jurassic coals. So, it is can be deduced that albite are origin from Helan Mountain.
Elements In The Coal
The abundances of major element oxides and trace elements in the coal samples, in comparison to average values for other Chinese coals, are listed in Table 3 and Table  4 , respectively. Compared to Chinese coals (Tables 3 and 4 (Taylor and McLennan, 1985) when La
GdN/Lu N , Eu/Eu * , and Ce/Ce * are calculated; a, Dai et al., 2012; b, Zhao et al., . 2012 . Table 4 . REE parameters in Jurassic coal of Ningdong Coalfield.
Major elements geochemistry
The oxides of major elements in Jurassic coals from the Ningdong Coalfield are dominated by SiO 2 and Al 2 O 3 (Table 3) , and they are in the normal range. However, compared to others Chinese coals, the contents of Na 2 O, MgO, K 2 O, and MnO are higher (Fig. 5) .
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Maceral, mineralogical and geochemical characteristics of the Jurassic coals in Ningdong Coalfield, Ordos Basin Figure 5 . Concentration Coefficients (CC) of elements in average Ningdong Jurassic coals. Normalized by average element concentrations in the Chinese coals ).
As we know, the alkali metals (Na 2 O, K 2 O and MgO) can effect on rate of coal pyrolysis and gasification and they play a role for corrosion and/or erosion in combustion boilers (Oleschko et al., 2007; Takuwa and Naruse, 2007) . So, it is important to find out the mode of occurrence of them. Na 2 O: The average content of Na 2 O in Chinese coals is 0.16%, and it is slight higher than that of world coals (Ren et al., 2006) . The average content of Na 2 O is 0.37% in Ningdong Jurassic coals, and it is much higher than those of other Chinese coal (CC (concentration coefficient) = 2.31). The most carrier of Na is clay mineral, silicate mineral and halite, and sometimes it occurs in organic matter (Eyk et al., 2011) . In China, most of high-Na coals are distributed in Zhundong Coalfield and Turpan-Hami Basin in Xinjiang Province, and Na primarily occurred within water-soluble (Chen et al., 2013) .The correlation coefficients (r) of Na 2 O-Ash, Na 2 O-Al 2 O 3 , Na 2 O-SiO 2 , and Na 2 O-K 2 O are bigger than 0.9 (Figs. 6A, B, C and D) , in addition, abundant of albites (13% on average) are in the coal LATs. So it is can be inferred that Na occurred in silicate minerals, mainly in albite.
MgO: The average content of MgO is 0.22% in Chinese coals , and it is slightly higher than that of coals in USA (0.18%). The contents of MgO is in range of 0.37%-2.01%, with an average of 0.96% (CC=4.39). The most carriers of MgO is carbonate mineral (ankerite) and clay mineral (Ren et al., 2006) . Based on date of LAT-XRD/Siroquant (Fig. 3) (Ren et al., 2006) . Illite and albite are identified by using of LAT-XRD (Fig. 3) and the correlation coefficients (r) of K 2 O-Na 2 O is 0.92 (Fig. 6D) . This results show that K occurred in illite and albite, and K and Na are of the same origin.
In a word, the alkali metal elements Na, Mg, and K are enriched in Ningdong Jurassic coals, they will effect on combustion process. They were origin from the source areas-Helan Moutian.
Trace elements in the coal
From Table 4 , it can be found that Cr, Ga, Rb, Sr, Cd and Ba are enriched in Ningdong Jurassic coals compared to other Chinese coal (Fig. 5) .
Hazardous trace elements
11 elements, including Sb, As, Cr, Pb, Cd, Hg, Ni, Se, Be, Mn, and Co, were listed as key toxic air pollutants, among which Hg, As, Se, Cd, Cr, and Pb were listed as priority elements by Clean Air Act Amendments (CAAA) in the 1990, and they are called as hazardous trace elements (HTEs). Many researchers have proven that fossil fuel combustion is one of the greatest sources of HTEs into the environment, and therein, coal consumption is regarded as one of the most important HTE emission sources Tian et al., 2013; Zhao et al., 2014) . From an environmental point of view, the content of HTEs in coals can provide useful information about pollution control during coal combustion and utilization; the modes of occurrence of an element can strongly influence its behavior during coal cleaning, weathering, leaching, combustion, and conversion (Finkelman, 1995) .
Cadmium: Cd is one of highly toxic elements. The concentrations of Cd in Chinese and world coal are 0.25 ppm and 0.22 ppm, respectively (Ketris and Yudovich, 2009; Dai et al., 2012) . The average Cd concentration is 1.54 ppm of Ningdong Jurassic coal, and it is 6 times higher than that of Chinese coal (Table 4) .
Mode of occurrences of Cd in coal have been fully addressed by researchers (Ren et al., 2006; Tian et al. 2013 ; references therein). Both organic matters and minerals (pyrite and gelenite) can be the carriers of Cd in coal (Tian et al., 2013) . The correlation coefficients (r) of Cd with ash yield and Pb is very low, showing a slightly positive correlation (Figs. 7A, B) . Thus, high Cd in Ningdong Jurassic coal is deduced to be associated with organic matters.
Chromium: Cr is a cancerigenic element. Many researchers have estimated concentrations of Cr in coals around the world (Swaine, 1990; Finkelman, 1995; Ren et al., 2006; Dai et al., 2012; Tian et al. 2013) . The concentrations of Cr in Chinese and world coal are 15.4 ppm and 16 ppm, respectively (Ketris and Yudovich, 2009; Dai et al., 2012) . The chromium content of the Ningdong Jurassic coals (mean 33.34 µg/g) is higher by a factor of 2.16 than that of common Chinese coals (Table 4) .
Modes of occurrence of Cd varies in coal. Finkleman (1995) concluded that the confidence level of the modes of occurrence of Cr was low and it could be associated in both organic matters and mineral. Tian et al. (2013) summarized the modes of occurrence for Cd are organic association and clay (mainly illite), chromite (FeCrO4) (ultramafic deposit origin). The correlation coefficient (r) of Cr with ash yield and is high (r= 0.86), showing that Cr is associated with minerals (Fig. 8A) . Moreover, the correlation coefficients (r) of Cr with K 2 O is 0.89 (Fig. 8B) , and it further confirms that the clay mineral is main carrier of Cr in Ningdong Jurassic coal. 
Rare metal elements
Rare metals that could be highly-enriched in coal and coal-bearing strata and thus can be industrially utilized include Li, Sc, Ti, V, Ga, Ge, Se, Zr, Nb, Hf, Ta, U, and noble metals (Zhao and Sun, 2008; Zhao et al., 2009; Sun et al.,2010a; 2012a; 2012b; Dai et al., 2012; Seredin et al., 2013) . The concentrations of Ga (18.07 ppm) and Rb (31.28 ppm) are much higher than those of Chinese coal (6.55 ppm and 9.25 ppm, respectively. Dai et al., 2012) . Gallium: The concentration of Ga is higher by a factor of 2.76 than that of common Chinese coals (Table 4) . It is one of the valuable and rare metals in coal. It is generally related to clay minerals in coal (Chou, 1997) . Because of its similar geochemical characteristics with Al, Ga could isomorphously substitute for Al in Al-bearing minerals. The correlation coefficients (r) of Ga with ash yield and Al 2 O 3 are 0.95 and 0.97, respectively (Figs. 9A, B) . Thus, it can be deduced Ga occurs in clay minerals.
Rubidium: According to most global and regional estimates, typical Rb contents in coals is 5-21 ppm (Seredin, 2003) . The average concentration of Rb is 31.28ppm in Ningdong Jurassic coal, and it is 3.28 times higher than that of Chinese coals (9.25ppm, Dai et al., 2012) . Swaine (1990) concluded that Rb was mainly associated with mineral in coal. Moreover, Rb and Cs are close related to K, and they occurs in K-rich minerals (illite and smectite) (Filby et al., 1977; Eskenzay and Ivchinova, 1987) . Rubidium in the Ningdong Jurassic coals has high correlation coefficients with Al 2 O 3 (r=0.99), ash yield (r=0.96), and K 2 O (r=0.99) indicating that Cr probably occurs in the K-rich clay minerals (illite) (Figs. 10A, B and C) .
Rare earth elements and yttrium (REY)
A threefold geochemical classification of REY, light (LREY: La, Ce, Pr, Nd, and Sm), medium (MREY: Eu, Gd, Tb, Dy, and Y), and heavy (HREY: Ho, Er, Tm, Yb, and Lu) was used in this study. It can provide a more convenient classification than others for the description of REY distribution in coals. Accordingly, three enrichment types are classified, L-type (light-REY type enrichment; La N /Lu N >1), M-type (medium type; La N /Sm N <1, Gd N /Lu N >1), and H-type (heavy type; La N /Lu N <1), in comparison with upper continental crust (UCC) .
The content of total REY (from La to Lu plus Y) in the Ningdong Jurassic coals varies from 20.90 to 229.52 µg/g and averages 83.83 µg/g (Table 5 ), much lower than that in common Chinese coals (136 µg/g; Dai et al., 2012) , but higher than that of Jurassic coals in Huanglong Coalfield, southern Ordos Basin (53.61 µg/g, Zhao et al., 2012) . The REY enrichments in the coal belong to M-type (La N /Sm N =0.84, Gd N /Lu N =1.57, Table 5 ). The REY-plot for the Ningdong Jurassic coal is similar to that of lignite in Luzanovka Mine, Pavlovka Coalfield, Russia and coal in Songzao, Liuzhi, and Xuanwei, Southwest China (Fig. 11) .
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Maceral, mineralogical and geochemical characteristics of the Jurassic coals in Ningdong Coalfield, Ordos Basin Figure 10 . Relation of Rb-Ash yield, Rb-Al2O3, and Rb-K2O.
CONCLUSIONS
Ningdong Jurassic coal is a medium volatile bituminous coal, with medium-ash, medium-sulfur and low-medium-calorific. The vitrinite contents of them are much higher and the inertinite and liptinite are much less than those of the other EarlyMiddle Jurassic in Ordos Basin, North China. The minerals identified in the coal are kaolinite, illite, chamosite, quartz, calcite, albite and trace of pyrite. Kaolinite, illite, chamosite, quartz, and albite are origin from weathering productions of gneiss, granulite and granite in Helan Moutain.
The Ningdong Jurassic coals are enriched by Na 2 O, MgO, K 2 O, MnO, Ga, Cr, Rb, Sr, Cd, and Ba in comparison with Chinese average abundances of elements in coals. The major carriers Na 2 O, MgO, K 2 O are clay minerals and albite. The hazardous trace elements, Cd and Cr occur in organic matter and clay mineral, respectively. The rare metals, Ga and Rb are associated with clay mineral. The medium REY are enriched in the coal.
